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ABSTRACT

An analysis of relevant sediment stratigraphy near Idaho National
Laboratory’s Advanced Test Reactor Complex in support of the Remote-Handled
Low-Level Waste Disposal Facility is presented. The scope of analysis includes a
geostatistical evaluation of sedimentary interbed top elevations and thicknesses
compiled for wells near the Advanced Test Reactor Complex from land surface
to the elevation of the water table. It also includes an evaluation of expected
sediment texture and composition based on information contained in existing
reports. Finally, based on this analysis, recommendations for characterization
well spacing and appropriate transport model dimensionality are made.
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Evaluation of Sedimentary Structure Near the Advanced
Test Reactor Complex at the Idaho National Laboratory

1. INTRODUCTION

Since 1952, all remote-handled low-level waste (RH-LLW) generated at the Idaho National
Laboratory (INL) has been disposed of at the Subsurface Disposal Area of the Radioactive Waste
Management Complex (RWMC). In anticipation of the closure of RWMC, INL is establishing a new
RH-LLW Disposal Facility. The location for the new disposal facility will be southwest of the
Advanced Test Reactor (ATR) Complex (see Figure 1). This site is located near the ephemeral Big Lost
River and is roughly 450 ft above the underlying Snake River Plain Aquifer (SRPA). Contaminants
released from the facility could be transported downward through the stratigraphic layers comprising
the vadose zone and into the aquifer. Once in the aquifer, there is the potential for mingling with
existing contaminants and with future predicted contaminants. To assess potential aquifer impacts, a
subsurface fate and transport evaluation will be conducted. The subsurface fate and transport evaluation
will predict aquifer concentrations that will be used to determine the time-varying dose to potential
receptors located downstream from the RH-LLW Disposal Facility as a result of potential releases from
the RH-LLW Disposal Facility and in combination with other dose sources.

Two Highest Ranked
Candidate Sites
for Proposed
Remote-Handled
Low-Level Waste
Disposal Facility

Legend
*  Active Wells
Candidate Site
Paved or Light-Duty Roads

Big Lost River

Feet
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Path % \gis_projectsth_pit_siing_mapy = L i}
Fin Mama: bighes!_Rarked_Sier 5_34_Map-abvt.mid | i

Figure 1. RH-LLW Disposal Facility location near the ATR Complex. Sediment properties were
evaluated in the region contained in the green outlined area spanning 2,000 meters east-to-west, and
4,000 meters north-to-south.

Assessing groundwater impacts relies on numerical models of contaminant transport. These models
consider infiltration, radioactive decay, advective-dispersive transport, and geochemical transformation
processes as contaminants migrate from the disposal facility. Predicting advective-dispersive transport
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and geochemical transformation requires a framework for vadose zone and upper aquifer stratigraphy.
At INL, the stratigraphy was emplaced during periodic eruptions of basalt lava flows followed by
volcanic quiescence during which alluvial, lacustrine, and aeolian sediment were deposited. These
alternating periods of volcanic eruption and quiescence have resulted in stratigraphy characterized by
extensively interfingered basalt units and sedimentary interbeds. Basalt is relatively non-sorptive to
contaminants, allowing contaminants to move through them with the rate of either aquifer water or
surface-originating infiltration water. The basalt and interbed layers largely determine moisture content,
porosity, hydraulic conductivity, and geochemical sorptive properties along transport pathways through
the vadose zone, extending from near land surface to the underlying aquifer. The sedimentary interbed
structure controls the downward migration of contaminants through the vadose zone, serving to retard
contaminant migration. In the aquifer, the interbeds serve as semi-confining layers, but serve to add
little adsorptive capacity because of their parallel-to-flow structure. However, shallow sedimentary
interbeds in the aquifer determine an effective mixing thickness for contaminants arriving from the
vadose zone due to their generally lower hydraulic conductivity relative to basalt.

Thickness and continuity of subsurface sediment and basalt layers are required at a facility scale to
support predictions of flow and transport through the vadose zone. These sediment characteristics are
available only in boreholes that are often not located within the area of interest for contaminant
migration. In order to support flow and transport models where direct observations are unavailable, the
sediment characteristics must be interpolated based on available data.

1.1 Objective and Scope

The objective of the following analysis is to evaluate sediment stratigraphy near the ATR Complex
in support of the RH-LLW Disposal Facility. This evaluation includes an assessment of sediment spatial
variability in the vadose zone near the location of the RH-LLW Disposal Facility. Sediment considered
in the analysis are those sequences that can be positively correlated over distances spanning at least
5 acres. Sediment characteristics of importance include thickness and top elevation. These
characteristics are defined using a geostatistical analysis approach, which provides a mathematical
framework for estimating character variability.

The scope of analysis includes identification of laterally continuous sedimentary units described by
top elevation and thickness and the analysis of their spatial correlation based on existing data taken
from wells near the ATR Complex. The depth range of interest is from land surface to the elevation of
the water table near the ATR Complex. For identified sedimentary units, a qualitative evaluation of
expected sediment texture and composition is included. Finally, based on the identified sedimentary
units and their analysis, recommendations for characterization well spacing and appropriate transport
model dimensionality are made. The quantitative results and dimensionality recommendations will be
used to support the vadose-zone transport model beneath the disposal facility.

1.2 Previous Investigations

Previous transport models constructed for the ATR Complex (formerly, Test Reactor Area and
Reactor Technology Complex) Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) evaluations (Lewis et al. 1992) were based on a relatively simplistic model of vadose
zone lithology. This approach treated the vadose zone above the aquifer as a surficial sediment layer
and three interbeds separated by basalt. Thickness of the surficial sediment was set at a uniform 60 ft,
and thicknesses of 10, 20, and 20 to 40 ft were assigned to the interbeds located at approximate depths
of 80, 150, and 220 ft. The structure was based on 12 wells penetrating the surficial sediment and
uppermost interbed, six wells penetrating the interbed at 150 ft, and four wells extending to the depth of
the aquifer at roughly 480 ft. The well separation was on the order of 2,000 ft because of the sparseness
of deep wells; spatial continuity was assumed to exist between these largely separated wells.

Since the 1992 model development, several additional wells have been drilled in the vicinity of the
14



ATR Complex. The lithology encountered in most of these boreholes has been characterized using
geophysical logging techniques. Additionally, the relationship between basalt flows existing between
the sedimentary interbeds has been analyzed using age and geochemical signature data (Helm-Clark et
al. 2005). Although the primary focus of the Helm-Clark et al. (2005) study was to determine basalt
origins, there is sufficient detail in the stratigraphic fence diagrams to correlate sediment distributions
between boreholes near the ATR Complex. This ability to correlate sediment between boreholes
provides the fundamental information needed for a geostatistical analysis of sediment occurrence and
distribution.

Previous geostatistical evaluations at INL have demonstrated that subsurface lithologic properties in
the vadose zone and eastern SRPA are characterized by moderate to strong spatial autocorrelation, with
greater statistical similarity over short distances that diminishes with longer distance. This has been
exploited through various geostatistical modeling techniques (e.g., kriging) to make unbiased estimates
of subsurface properties at unsampled locations. These previous geostatistical analyses have been
conducted with one of two general aims: (1) characterizing the nature of subsurface hydrologic
variability (Welhan and Reed 1997); and (2) modeling spatial variability to predict subsurface lithologic
or hydrologic properties (Welhan et al. 2002, 2006; Leecaster 2002, 2004, 2006).

These studies have adopted different approaches to achieve their goals. For example,
Welhan et al. (2002) used a stochastic indicator simulator to model aquifer hydraulic conductivity
beneath the Test Area North; Leecaster (2002, 2004) applied ordinary kriging to predict sedimentary
thicknesses and subsurface hydraulic properties of the vadose zone and aquifer beneath RWMC; the
sedimentary interbed structure was evaluated at the Idaho Nuclear Technology and Engineering Center
(INTEC) by Leecaster (2006) and Wang et al. (2010) using ordinary and indicator kriging, respectively;
and the sedimentary abundance was evaluated across INL by Welhan et al. (2006). The purposes of
each study required use and interpretation of different data, ranging from near-facility hydraulic
properties to INL-wide sedimentary abundance.

Results of these studies indicate that spatial variability is largely dependent on the analysis
objectives and specific site evaluated. For example, spatial correlation of sediment abundance across
INL was determined for composite sedimentary units, resulting in correlation lengths on the order of
6,000 m (Welhan et al. 2000), while the spatial correlation of sedimentary interbeds at INTEC were on
the order of hundreds of meters (Leecaster 2006). However different the resultant autocorrelation
measures are, the overall observation is that geostatistical modeling can be used to provide a sound
technical basis for flow and transport simulations (DOE-ID 1997, DOE-ID 2006a, DOE-ID 2006b).

2. DATA AND SEDIMENT UNITS

The data used in this evaluation will be specific to the ATR Complex as discussed in the following
sections, and the methodology applied by Leecaster (2006) at INTEC was followed. The primary
sources of data for this report are the Helm-Clark et al. (2005) analysis, corehole data collected across
the RH-LLW Disposal Facility site (American Geotechnics 2011), and the data collected in wells
USGS-136, USGS-140, and USGS-141 (Appendix A). The focus of the Helm-Clark et al. (2005)
evaluation was identification of basalt origin, flow continuity, and general structure of the SRPA.
Delineating the basalt structure also allows determination of sedimentary structures that exist between
the age-identified basalt flows. Although the focus of the Helm-Clark et al. (2005) report is on deeper
basalt structure, the report provides sufficient interpretation to delineate primary sediment above the
aquifer that are contained or noted in more than a single well, indicating that the sedimentary structure
is laterally extensive. Specific fence diagrams used from Helm-Clark et al. 2005 are reproduced in
Appendix A of this report. Well head elevation and northing/easting locations were extracted from the
INL Environmental Data Warehouse, where necessary. Corehole data were obtained for the 12 soil
borings drilled from land surface to the top of the basalt in the spring of 2011 at the RH-LLW Disposal
Facility location (American Geotechnics 2011). Wells USGS-136, USGS-140, and USGS-141 were
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drilled and cored in the 2010 to 2014 timeframe to support site characterization activities south of the
ATR Complex.

21 Wells Used

Wells used in this analysis are listed in Table 1 and shown in Figure 2. These wells span the area
just north of the ATR Complex to just south of the Big Lost River.

Table 1. Wells used in this analysis.

SITE-19 USGS-079  Middle-1823 USGS-074  TRA-08 TRA-07 PW-11
PW-9 USGS-073  TRA-05A TRA-02 PZ-1 PW-12 USGS-060
TRA-06 TRA-06A  USGS-065 PW-7 USGS-072  TRA-04 ICPP-SCI-V-213
PW-13 TRA-A37 USGS-063 TRA-A30 USGS-068  TRA-A27 TRA-A54
SB-02 TRA-AT7 TRA-A33 TRA-01 TRA-A28 TRA-A76 USGS-064
SB-01 SB-04 TRA-A31 TRA-A51 SB-08 SB-03 ICPP-SCI-V-214
TRA-A29 SB-07 TRA DISPOSAL  PW-10 SB-05 USGS-078  TRA-A%4
TRA-A25 TRA-A49 TRA-A45 USGS-056  USGS-053 TRA-A32 USGS-071
TRA-A11 TRA-A15 TRA-AT5 TRA-A17 TRA-A59 PW-14 USGS-136
SB-06 TRA-A16 TRA-A05 TRA-A50 TRA-A38 TRA-A04 TRA-A67
TRA-AT3 TRA-AO1 TRA-A24 TRA-A80 TRA-A06 TRA-AS81 USGS-061
TRA-A36 TRA-06-1 CWP-06 TRA-A60 CWP-07 USGS-076  PW-8
TRA-A03 TRA-AT8 TRA-A71 TRA-A43 TRA-A79 TRA-A47 USGS-070
TRA-A44 TRA-A02 TRA-A48 TRA-AR7 SB-09 TRA-A88 TRA-A52
TRA-A46 TRA-A14 CWP-08 USGS-069 TRA-A62 TRA-A08 USGS-062
CWP-09 USGS-055 TRA-A42 TRA-A07 CWP-05 MTRTEST  USGS-140
TRA-A64 TRA-A09 TRA-A66 TRA-A12 TRA-A39 TRA-A23 USGS-141
USGS-054 TRA-A70 TRA-A13 TRA-A22 TRA-AS56 TRA-A20

TRA-A57 CWP-04 TRA-A85 TRA-A86 CWP-01 TRA-A58

TRA-A18 TRA-A5S USGS-058 CWP-03 TRA-A61 TRA-A19

TRA-A26 TRA-AR2 TRA-AR3 TRA-A68 CWP-02 TRA-A353

| The 12 coreholes through the surficial alluvium shown in Figure 2 are not in this list.
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Wells identified for use and shown in Figure 2 do not span the apparent discontinuity in
stratigraphic elevation between INTEC and the ATR Complex identified by Helm-Clark et al. (2005)
and noted by Wood et al. (2007). The discontinuity passes through a region bounded by USGS-39,
USGS-43, USGS-66, and USGS-84 and was positively located using age dating and geochemical
signatures in well Middle 2050A (Figure 3). The extent of the discontinuity is illustrated by the fence
diagram shown in Figure 4, with wells USGS-66 and USGS-84 displaying stratigraphy that is correlated
to the subsurface near the ATR Complex (Helm-Clark et al. 2005) and wells USGS-39 and USGS-43
displaying stratigraphy correlated to the subsurface under the southern two-thirds of INTEC.

B \ - :;,1
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Qal \ sl BB
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Figure 3. Surficial geology of the INTEC-ATR Complex area showing selected well locations (A) and
larger domain (B) (from Helm-Clark et al. 2005).

Including wells spanning the discontinuity would give rise to artificially short horizontal correlation
lengths in the region of the RH-LLW Disposal Facility location. Additionally, it would greatly increase
the variance in top sediment elevation for units correlated across the discontinuity. Not spanning this
feature is reasonable because wells north and west of the hypothesized path shown by the blue dotted
line in Figure 3 show no evidence of the discontinuity. Adopting the analysis approach taken by
Leecaster (2006) for INTEC is valid because, although the structure is vertically offset, it is statistically
similar. From the perspective of aquifer flow, the feature does not have an obvious impact on either
flow direction or velocity based on simulated transport of trititum from the ATR Complex (DOE-ID
1997, DOE-ID 2005, DOE-ID 2006a).
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Figure 4. Fence diagram across the ATR-INTEC area showing the vertical discontinuities between
basalt of similar ages (from Helm-Clark et al. 2005).

2.2 Identified Vadose Zone Sediment Units

Vadose zone lithology data for wells shown in Figure 2 were interpreted from land surface to the
upper most sediment unit in the aquifer. Based on the fence diagrams, eight correlatable sediment
occurrences were identified and categorized in addition to the surficial sediment. These are referred to
as surficial sediment and Sedimentary Units 1 through 8. To provide the necessary information for flow
and transport models, the geostatistical analyses presented for each of these units includes histograms of
top elevation and thickness in addition to semivariograms, modeled semivariograms, and kriging
models.

Table 2 presents an overview of the general property character for the surficial sediment and eight
sedimentary units. The sedimentary units are designated by an arbitrary unit number shown in the first
column. The second column contains the number of wells completed deep enough to have penetrated
the entire thickness. The third and fourth columns contain the range of top elevation and thickness,
respectively. Well spacing statistics are contained in the final three columns. The top elevation was
obtained by taking the maximum elevation record for each of the interbeds listed in the table within
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each well. If a well did not encounter the interbed, the well was not used to determine the top at that
location. If the well did not fully penetrate the sediment unit, it was not included in the analysis. If a
sediment unit was clearly missing from one of the wells, a zero thickness was assigned. However, if the
sediment unit could not be discounted, a zero thickness was not assigned and the well was not used in
the analysis. As indicated by the well count, spatial coverage decreases with depth. As indicated by the
elevation interval, the sedimentary units lie within the upper 400 ft, and correspond roughly to the three
composite sediment layers identified by Welhan et al. (2006). Sedimentary Unit 1 corresponds roughly
to the 80-ft depth interval sediment identified in the CERCLA model (Lewis et al. 1992), with the 150
and 220-ft interbeds identified in the CERCLA model explicitly represented by Sediment units 2
through 8. Also, as indicated by overlapping elevation ranges, these interbeds merge within their
elevation ranges, with adjacent interbeds often not separated by basalt units, but with the adjacent
interbeds defined by soil composition or textural class as noted in the fence diagrams reproduced in
Appendix A.

Table 2. Sedimentary characteristics.

Elevation Thickness Well Spacing
Sedimentary Number of Wells Interval Range meters (ft)

Unit with Data meters (ft) meters (ft) Average | Minimum | Maximum
Surficial 155 1,498 to 1,508 4.6 t0 23.5 627.0 0.5 3,524.9
Sediment (4,913 to 4,948) (15t0 77) (2,057.0)] (1.6) [(11,564.6)

Unit 1 38 1,458 to 1,481 0.6t02.1 1,070.9 9.4 3,524.9
(4,780 to 4,858) 2t07) (3,513.3)] (30.9) [(11,564.6)
Unit 2 39 1,457 to 1,481 0.5t09.1 1,077.8 1.7 3,524.9
(4,779 to 4,860) (1.8t030) |(3,536.1)] (5.5 [(11,564.6)
Unit 3 31 1,449 to 1,464 1.2 to 10.4 1,140.3 1.7 3,524.9
(4,754 to 4,830) (4.0t034) |(3,741.1)| (5.5) [(11,564.6)
Unit 4 23 1,435 to 1,455 1.0to 9.1 1,018.9 1.7 3,188.8
(4,708 to 4,774) (3.2t030) |(3,343.0)| (5.5 [(10,461.9)
Unit 5 22 1,421 to 1,455 0.6 to 8.5 1,136.7 1.7 3,524.9
(4,662 to 4,774) (2.0t028) |(3,7294)| (5.5 [(11,564.6)
Unit 6 18 1,425 to 1,431 0.2t0 4.6 1,182.6 1.8 3,524.9
(4,676 to 4,695) (0.8t015)  |(3,879.9)| (5.8) [(11,564.6)
Unit 7 21 1,397 to 1,421 0.0to 9.1 1,180.4 1.7 3,524.9
(4,583 to 4,663) (0 to 30) (3,872.7)] (5.5) [(11,564.6)
Unit 8 19 1,392 to 1,421 1.8t0 6.1 1,257.2 1.8 3,524.9
(4,570 to 4,663) (6 to 20) (4,124.8)] (5.8) [(11,564.6)

[Units are meters, with feet in parentheses.

3. ANALYSES METHODS

The goal of predicting subsurface characteristics over this volume of interest was achieved through
data exploration, assessing and modeling spatial correlation, predicting values between measurement
locations using kriging, and assessing kriging variability to allow assessment of data coverage. Kriging
methods were developed to predict spatial distribution of spatially variable data, which in this case are
sedimentary interbed top elevations and thicknesses. Kriging uses the spatial relationship among sample
locations to improve prediction over a grid. The predictions presented here are based on two-
dimensional ordinary kriging. This approach was taken based on previous experience with the highly
variable lithologic distributions observed across INL. It has been proven to provide the most
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geologically reliable estimates of lithological distribution, allowing adequate prediction of observed
perched water and contaminant distributions at INTEC and RWMC. Although indicator kriging, for
example, could be used in theory, it has not been shown to provide similarly robust estimates of
lithology and corresponding predictions of transport processes. Software used in the following analyses
included SGEMS: Stanford Geostatistical Modeling Software (Boucher et al. 2009) and GSLIB:
Geostatistical Software Library (Deutsch and Journel 2000).

3.1 Data Exploration

In total, there were 18 independent data sets evaluated in this study that corresponded to the top
elevations and thicknesses of the surficial sediment and eight sedimentary units shown in Table 3.
These data sets were assessed separately, beginning with an evaluation for normality because kriging
relies on data being symmetric, and, ideally, normally distributed (Goovaerts 1997). To assess
normality, a Shapiro-Wilks test was conducted with the Shapiro-Wilks p-values for top elevation and
thickness shown in Table 3. The relatively high P-values suggest that the distributions cannot be
rejected as non-normal. Values for the log-normal transforms of the data were quite small, indicating
the data are generally not log-normal. Therefore, approximate normality was assumed and the data were
not normal-score transformed.

Table 3. Log-normality tests.

Shapiro-Wilks p-values
Sedimentary Unit Top Elevation Thickness
Surficial Sediment 0.55 0.99
Unit 1 0.72 0.69
Unit 2 0.93 0.79
Unit 3 0.96 0.94
Unit 4 0.82 0.84
Unit 5 0.90 0.98
Unit 6 0.99 0.73
Unit 7 0.80 0.81
Unit 8 0.90 0.88

Data collected in support of INL environmental evaluations tend to be clustered with respect to
location, with the sample locations quite dense near facilities, and with wells extending primarily
northeast to southwest, following the groundwater flow path. At the ATR Complex, there also are wells
extending from the facilities toward the Big Lost River that have been used to delineate shallow perched
water.

Historically, placement of these wells was chosen to represent areas of hydrologic and contaminant
sampling interest, not preferentially chosen to provide specific data values (like hot spot sampling).
Thus, although the data locations are clustered, the clustering should not bias measured values. In
general, the geostatistical evaluations performed at INL (Welhan et al. 2006; Leecaster 2002, 2004,
2006) have shown that the influence of clustered location is minimal.

Data locations are not systematic (i.e., gridded) and they do not cover the entire prediction range. In
general, clustering of data locations could bias the variogram, mean, and overall variance. However,
because ordinary kriging was used, the effective mean value and variance are local. It was assumed the
spatial correlation length determined via the semivariogram would not be influenced by data clustering,
which implies that ordinary kriging results also would not be affected. This is consistent with the
observations made in the geostatistical analysis of the INTEC sedimentary structures, where cell
declustering analyses were performed (Leecaster 2006). In the INTEC analyses, declustered data were
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weighted by the sample location’s degree of isolation; values located far from others had greater weight
than values closely surrounded by others. The cell declustering method used in the INTEC analysis
specified fixed cell size overlaid on the sample locations. The weights for values from locations within a
cell were assigned a weight of one over the number of locations within the cell. These weights were
then normalized so they summed to the number of sample locations. The cell sizes were chosen to
achieve a minimum or maximum declustered data mean, allowing for the maximum utility of
declustering. This was accomplished by plotting cell size versus declustered mean. The empirical
cumulative distribution of data was compared to that of declustered data. Where the empirical
cumulative distribution of weighted values was similar to that for unweighted values, it was assumed
that clustering of sample locations was not related to clustered data values. A Kolmogorov-Smirnov
two-sample test was used to determine if the distributions were significantly different. Effective
cumulative distributions of data also were compared to those of the predictions. The INTEC assessment
indicated that the predicted distributions of parameters were quite similar to the original data, primarily
because of the ordinary kriging method used. Given this previous INTEC assessment and much sparser
data near the ATR Complex, clustering effects were not evaluated in this study.

In the INTEC analyses, trend in sample values was assessed through regression analysis on the
easting and northing coordinates, their interaction, and using quadratic forms (Leecaster 2006) for the
primary interbeds at INTEC. Leecaster’s analysis indicated that the overall variability was not
conducive to fitting linear or quadratic trends across typical model domains. In the INTEC analysis, a
backward selection algorithm was used to determine a best model; first, the full model was fit and
successively insignificant (t-test p > 0.05) terms were removed until a significant (F-test p < 0.05)
model with all significant (t-test p< 0.05) terms remained. The residuals from the final regression model
were spatially modeled, and the kriging predictions of the residuals were added to the regression
predictions to create the final predictions. These were compared to the kriging predictions on the data
values to assess the impact of modeling a trend.

In general, the INTEC trend plus kriging predictions exceeded the range of observed data in the
sparsely sampled areas. While accounting for trend reduced the kriging variance, when the regression
prediction variance was added to the kriging variance, the total variance was larger. Because of a
primarily northeast to southwest well alignment at INTEC, the sample locations tended to form a trend
of their own. This alignment with groundwater flow direction makes accurate determination of bi-
directional trends difficult because of fewer data in the northwest to southeast direction, resulting in a
bias in the estimated coefficients of the regression. Additionally, it was found that areas without sample
locations were predicted to be influenced by the trend with little or no supporting information. Thirdly,
ordinary kriging predictions account for locally variable mean values without extending moderate
trends to areas without sample data. For these reasons, in the INTEC analysis, trends were not included
in geostatistical results and they are not assessed here because the distribution of wells near the ATR
Complex is similar to that at INTEC (i.e., primarily aligned in the direction of aquifer flow).

3.2 Semivariograms

The empirical semivariogram for a set of data is the corresponding values of lag distance and
variance between pairs of values at that approximate lag distance. The empirical semivariogram was fit
with a model whose estimated parameters were used to calculate kriging predictions. Although the
terms semivariogram and variogram are often used interchangeably, the correct use for the values and
plots used in this report is semivariogram.

3.21 Empirical Semivariograms

The empirical semivariogram is equal to one-half the variance of paired sample differences taken at
lag distance, h, plus or minus a tolerance:
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y(h) = ZE{[Z(u +h) — ZW)]?} = [c(h) — c(0)]

where E{f} is the expected value of f, u is the vector location of a sample, Z(u) is the sample value at
location u, and Z(u+h) is the sample value at a point separated from u by a lag vector distance h. The
empirical semivariogram depends on the lag distances, the lag tolerance, the minimum number of pairs
required to estimate the semivariogram at a lag, and the maximum distance at which to calculate the
semivariogram. Additionally, semivariograms can be directional, reflecting natural anisotropy.

e The distance lags (distance between two data locations used for calculating the semivariogram) are
generally specified to provide an empirical semivariogram that has obvious structure but is not
oversmoothed or undersmoothed. The lags are set small enough to discern the structure but large
enough to avoid having sporadic imprecise estimates of variance that form “jumpy”
semivariograms. Another approach to selection of lags is to coordinate them to a prediction grid.
This was the approach used for the INTEC analysis, where the prediction grid corresponded to the
vadose zone and aquifer discretization intervals. In this analysis, the lag separation was determined
based on visual appearance of the variogram.

e The lag tolerance is the spacing interval around a lag distance for which pairs are included in the
calculation for that lag distance. The lag tolerance is generally set to half the lag distance.

e The minimum number of pairs required to estimate the semivariogram at a lag was set to provide
reliable estimates at all lags. This minimum is an issue at long and sort lag distances, where often
few pairs exist. This parameter was specified in coordination with the lag distance in order to
achieve a reliable semivariogram.

e The maximum distance for semivariograms is generally specified as half the range of locations or
prediction grid because the number of pairs at greater distance decreases rapidly. The maximum
distance also can be specified as smaller than half the range to account for limited data or to reduce
the scope of the semivariogram. The vital part of the semivariogram is at short lag distances, where
strong spatial correlation exists. These relatively few, close data locations are used in the actual
kriging equations, as explained below.

¢ In directional semivariograms, empirical semivariograms are calculated using only pairs that fall in
specific directions (azimuths). As with the variogram in general, the directional semivariogram is
computed considering a tolerance, but in this case, it is an angular tolerance. Azimuths of every
45 degrees (with 22.5-degree tolerance) were used to investigate anisotropy. The four directional
semivariograms were north-south (0 degrees), northeast-southwest (45 degrees), east-west
(90 degrees), and northwest-southeast (135 degrees). The directional semivariogram was calculated
using only pairs that were in the specified direction, plus or minus a tolerance angle of 22.5 degrees,
half the difference between azimuths. The omnidirectional semivariogram represents the north-
south direction and was computed using a tolerance of 90 degrees.

The lag distance, lag tolerance, minimum number of pairs, and maximum distance characteristics
are investigated simultaneously for their influence on the semivariogram. The effect of changing the
values is assessed by looking at the semivariogram plots using the SGEMS software. Best-fit values
were chosen that provided the semivariogram that was felt to be most representative and that could be
modeled. The values used in the final semivariograms are given in Table 4.
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Table 4. Characteristics of the omnidirectional empirical semivariograms.

Top Elevation Thickness
Sedimentary Unit # of Lags Lag Separation (m) # of Lags Lag Separation (m)
Surficial Sediment 20 91.4 20 152.4
Unit 1 12 221.0 20 457.2
Unit 2 20 304.8 20 243.8
Unit 3 8 304.8 20 243.8
Unit 4 10 228.6 20 228.6
Unit 5 8 457.2 30 457.2
Unit 6 20 304.8 20 228.6
Unit 7 20 304.8 20 304.8
Unit 8 20 365.8 20 304.8

3.2.2 Semivariogram Modeling

The empirical semivariograms are fit with specific functional forms and associated parameters for
use in the kriging equations to predict values at unsampled locations. The common semivariogram
models are the spherical, Gaussian, and exponential. The difference between these is the shape at small
lag (close data spacing): the Gaussian is concave, the exponential is convex, and the spherical is almost
linear. These models relay different behaviors in the spatial correlation of values. The Gaussian model
implies that spatial correlation remains strong at increasing lag distances, the exponential implies that
the spatial correlation drops off quickly at increasing lag distances, and the spherical model implies that
spatial correlation reduces almost linearly with increasing lag distance.

The parameters that define these semivariogram models are the nugget, sill, and range (Figure 5).
The nugget represents small-scale variance and is equal to the semivariogram value at lag distance 0. If
the sample locations are close enough, the nugget is easily estimable. If the sample locations are located
at large lag distances, the nugget is difficult to estimate. Physically, the nugget is considered to
represent measurement error. A zero nugget implies that variance of the data is large compared to the
measurement error. The sill is variance between pairs of values that are assumed to be independent. The
estimated sill can be larger or smaller than variance of the data overall, depending on the sample
locations. For many close locations, the overall variance will provide an underestimate of the sill. For
many distant locations, the overall variance may overestimate the sill. Models generally specify the
partial sill, which is sill minus the nugget. Range is the lag distance at which the sill is attained, or
equivalently, it is the distance where values are independent.

Parameters for the various functional semivariograms models can be fit to the empirical
semivariogram by automated fitting algorithms or by visual estimation. The automated fitting
algorithms are generally based on least squares or maximum likelihood. The least squares method is
nonparametric and can be improved by weighting semivariogram points by lag distance or number of
pairs used in the estimate. The maximum likelihood methods require data to be normally distributed,
which is often a problem even if they are symmetric. Regardless, these methods are often implemented
in current software programs without knowledge of the intricacies of fitting a semivariogram. Fitting a
semivariogram model visually is labor-intensive and requires knowledge of the models and parameters.
This approach produces a model that is closer to the empirical semivariogram than automated fitting of
algorithms and eliminates blatant errors. The visually estimated parameters and resultant models may
not be exactly reproducible by another geostatistician, but the fits would be close. The semivariogram
models in this report were all visually estimated and are contained in Table 5, with corresponding
empirical variograms and model-fitted semivariograms discussed in Section 4.
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Figure 5. Example empirical semivariogram with model parameters labeled.

Table 5. Semivariogram model parameters for vadose zone lithologic units.

Top Elevation Thickness

Nugget Sill Range Nugget Sill Range

Sedimentary Unit ~ Model* (m?) (m?) (m)  Model (m?) (m?) (m)
Surficial Sediment E 0.0 46.5 300.0 G 0.0 9.3 487.7
Unit 1 E 0.0 46.5 93.0 E 0.0 0.4 457.2
Unit 2 E 0.0 40.0 457.2 E 0.0 6.5 457.2
Unit 3 E 0.0 11.6 457.2 E 0.0 6.5 762.0
Unit 4 E 0.0 37.2 487.7 G 0.0 9.3 609.6
Unit 5 E 0.0 55.7 914.4 E 3.7 5.6 914.4
Unit 6 E 0.0 7.4 457.2 E 0.0 3.3 868.7
Unit 7 E 0.0 27.9 457.2 E 0.0 7.4 609.6
Unit 8 E 0.0 46.5 457.2 E 0.0 3.3 1097.3

*E = exponential variogram and G=gaussian variogram

3.3 Kiriging

Kriging is, in essence, a generalized linear regression algorithm (Goldberger 1962, Luenberger
1969). It is used to extend data to locations where data are unavailable by solving a system of equations
such as:

K-A=kT (2
where K' is the data-to-unknown row covariance vector:
kKT =c(u' —u}), a=1n(u) 3)
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K is the data-to-data square covariance matrix:

K=[Cluy—ug), ap=1n), )
A are the kriging weights and the covariance model (C) is related to the semivariogram through:
C(h) = Cov[Z(u),Z(u+h)] = C(0) —y(h). (5)
In these expressions, C(0) is the stationary variance:
€(0) =Var[Z(u)] (6)
and
2y(h) =Var{Z(u) — Z(u + h)} (7)

is the corresponding variogram model. In this analysis, we assume that spatial correlation is
location-invariant (i.e., stationarity) and that spatial correlation is independent of direction (i.e.,
isotropy). Local stationarity, instead of global stationarity, is sufficient and assumed but isotropy was
verified through investigation of directional semivariograms. Additionally, continuous variables are
assumed to be symmetric but not necessarily normally distributed.

In general, kriging predictions can be made at individual points or as averages over blocks for use in
numerical flow and transport codes. In this analysis, the presented kriging predictions are block-
averaged values. Theoretically, kriging is a global prediction and all data points can be used to make
predictions. In practice, a subset of sample points is typically used to calculate predictions. The number
of data points used depends on the density of the data, coverage of the sample locations, and the
smoothness desired. Use of more sample locations tends to smooth predictions toward the overall mean.
In addition, a search radius can be specified. The search radius limits the data locations from being too
far away from the prediction location to also prevent oversmoothing. In this analysis, the search radius
was specified to be 50 times the range to ensure every grid point could be predicted (i.e., that at least
one sample value was within that distance). For prediction locations far from data, this tends to assign
the mean value to those locations.

3.4 Indication of Sampling Robustness

Kriging variance is often misrepresented as an indicator of variance in predicted value. It is
computed from the semivariogram parameters and the kriging weights. However, as shown in Equation
(8), the kriging variance is data independent and only considers the covariance structure and data
locations:

Var(xm) = 2 X7y Ay (xi, %) — Xieg 2 Lidiy (0, %)) (®)

Kriging variance, being independent of the data values, only provides a comparison of alternative
geometric data configuration. This would suggest, for example, that the kriging variance for the
sediment unit thickness would be equal to that for the same sediment unit top elevation, given the same
data locations. However, they differ because the covariance structures differ for the top versus thickness
for each sediment unit. As an indication of data or sampling pattern robustness, the spatial distribution
of kriging variance is summarized and presented with the kriging predictions for each variable
contained in Table 2.

4, RESULTS

The results of the evaluation are presented separately for each of the nine sedimentary units,
beginning with the surficial sediment and ending with the deepest vadose zone sediment. For each
sedimentary unit, data assessment, semivariograms, kriging, model assessment, and uncertainty will be
discussed.
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4.1

Surficial Sediment

Top elevation and thickness of the surficial sediment were defined through use of the 155 wells and
boreholes shown in Figure 6. The wells and boreholes used to define the surficial sediment spatial
characteristics fully penetrate the alluvial sediment within the area shown in Figure 6. The area spanned
by the figure is approximately 4,000 m x 2,000 m and the area spanned by the wells is approximately

3,500 mx 2,000 m.
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Figure 6. Wells used to define surficial sediment distributions.
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Geostatistical Evaluation

Histograms for the top elevation and thickness are shown in Figure 7, along with the summary
statistical distributions; semivariograms are shown in Figures 8 and 9; spatially kriged top elevation and
associated kriging variance are given in Figure 10, and the kriged thickness and kriging variance are
shown in Figure 11. The following bullets provide discussion of the figures:

e Data were assessed for normality and to determine whether the distribution was symmetric. The
surficial sediment top elevation is slightly skewed, but not log-normal (Shapiro-Wilks test
p-value=0.55, Table 3). The interbed thickness values were somewhat positively skewed (Figure 7),
but also were not log-normal (Shapiro-Wilks test p-value = 0.99). The mean elevation is roughly
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1,500 m (4,922 ft), with a standard deviation of 3.7 m (12 ft) as shown to the right of the plotted
histogram, indicating a relatively flat surface with three prominent outliers.

e Sediment thickness ranges from about 4.5 to 23.5 m (14.7 to 77 ft) with a standard deviation of 3 m
(9.8 ft). The distribution of thickness is very symmetric and, as indicated by the Shapiro-Wilks test,
it is not log-normal.

e Inthe 18 locations closest to the RH-LLW Disposal Facility site (i.e., USGS-136, USGS-140,
USGS-141, USGS-065, TRA-06, TRA-07, and Borings 7 through 18), the average thickness is
13 m (42.4 ft).

Surficial Sediments

80 T T T T
r Data Count: 155
Mean: 1499.89
Variance: 1412

Maximum: 1508.15
Median: 1499.87
Minimum: 1470.66
Shapiro Wilks p: 0.55
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Figure 7. Histogram of surficial sediment elevation (top) and thickness (bottom). Summary statistics for
both distributions are shown to the right of each plot.
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Semivariograms for the surficial sediment top elevation are shown for the omnidirectional,
northeast-to-southwest, east-to-west, and northwest-to-southeast directions in the lower plot of
Figure 8, with the number of pairs at each lag shown in the upper plot. The empirical
semivariogram for top elevation in the northwest to southeast direction is less variable than the data,
as indicated by a lower sill (gamma) value, with the highest variability occurring in the northeast to
southwest direction. This corresponds to the trending elevation indicated in Figure 10. Although
there appears to be anisotropy in the sill value, the correlation length (range) is approximately the
same in all directions. The model-fitted variogram (shown as the black line in Figure 8), conforms
to an exponential model with zero nugget, 46.5-m’ sill, and 300-m range. The model sill is
approximately twice the variance and the range (i.e., 300 m) is roughly one-quarter of a mile, both
indicating strong correlation at the size of the RH-LLW Disposal Facility.

The semivariogram for surficial sediment thickness is shown in Figure 9. There is very little
difference in spatial continuity as a function of direction. The omnidirectional empirical
semivariogram was fit with a Gaussian model with zero nugget, sill of 9.3 m?, and range of about
500 m.

Kriging predictions on a 20 x 30 grid for the surficial sediment top elevation are shown in Figure 10
(left), with the corresponding kriging variance (right). Although modelled with an isotropic
semivariogram, limiting the search radius for kriging preserves an apparent anisotropy (trend) in
elevation, with steeper gradients in the northeast to southwest direction, and more uniformity in the
east-west direction. Lack of sample locations to the southeast are indicated by high kriging
variance, with higher data density within the ATR Complex fence line and within the RH-LLW
Disposal Facility area indicated by low kriging variances. The relatively long correlation length is
represented by largely continuous values of low kriging variance. Mid-range kriging variance to the
east of the RH-LLW Disposal Facility location results from lack of data in that region. The variance
in surface elevation near the RH-LLW Disposal Facility location suggests the data are adequate in
this region.

The kriging predictions on a 20 x 30 grid for surficial sediment thickness are shown in Figure 11
(left), with the corresponding kriging variance (right).

Thinnest surficial sediment is to the west of the ATR Complex and the RH-LLW Disposal Facility
area. The thickest surficial sediment persists generally south and southeast of the ATR Complex,
with a deeper pocket of sediment extending from the middle of the RH-LLW Disposal Facility area
toward the ATR Complex. Mid-to-high range thicknesses of 12 to 18 m (40 to 60 ft) would be
expected to exist across the RH-LLW Disposal Facility location. The kriging variance for surficial
sediment thickness decreases to the south and southeast of the RH-LLW Disposal Facility location.
This suggests that further data would be required prior to extending the facility southeast of the area
delineated for the RH-LLW Disposal Facility prior to additional facility expansion. Based on the
model-fitted variogram, well spacing on the order of the 488-m (about 1,600-ft) range would
provide sufficient characterization data for expansion.
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Figure 8. Anisotropic empirical (colored lines and symbols) and modelled (black lines) semivariograms
for the surficial sediment top elevation.
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Figure 11. Kriging predictions (left) and kriging variance (right) for surficial sediment thickness (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y
distances (m) are relative to the figure.

4.2 Sediment Unit1

Top elevation and thickness of the uppermost sediment unit (Unit 1) were defined through use of
the 38 wells (see Figure 12) with sufficient depth penetration to encounter this unit. Thirteen of the 38
wells contain this unit, but this unit was not found at 25 of the well locations.
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Figure 12. Wells used to define Sediment Unit 1.
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Histograms for the top elevation and thickness are shown in Figure 13, along with summary
statistical distributions; semivariograms are shown in Figures 14 and 15; spatially kriged top elevation
and associated kriging variance are given in Figure 16, and the kriged thickness and kriging variance are

Geostatistical Evaluation

shown in Figure 17. The following bullets provide discussion of the figures:

Data were assessed for normality and to determine whether the distribution was symmetric. Unit 1
top elevation is slightly skewed, but not log-normal (Shapiro-Wilks test p-value=0.72, Table 3).
Interbed thickness values were positively skewed (Figure 13), but also were not log-normal
(Shapiro-Wilks test p-value = 0.69). The mean elevation for this unit is about 1,476 m (4,843 ft),
corresponding to an average depth of 25 m (82 ft). Standard deviation in top elevation is 5.8 m
(19 ft) as shown to the right of the plotted histogram, contributed to by the three low elevations

found in the central ATR Complex area.

In locations where the sediment thickness was non-zero, Unit 1 ranges from 0.6 to 2.1 m (about 2 to
7 ft) in thickness with a standard deviation of 0.45 m (1.5 ft). As indicated in the cross-sections
shown in Appendix A and in the kriged results that follow, the thicker sediment occurs in a
north-to-south direction with thin or no Unit 1 occurrences to the north of ATR Complex.

This unit was not located near the RH-LLW Disposal Facility site (thickness = 0.0).

34



Sediment Unit 1

Data Count: 13
Mean: 1475.91
Variance: 34.02

Maximum: 1480.83
Median: 1478.06
Minimum:  1458.68
Shapiro Wilks p: 0.72

Frequency

1456 1465 1473 1482
Top Elevation (m)

Sediment Unit 1

Data Count: 38

Mean: 1.21

Variance: 0.20
g‘ Maximum: 2.13
e Median: 1.22
8 Minimum: 0.61
w

Shapiro Wilks p: 0.69

0 1 2 3
Thickness (m)

Figure 13. Histogram of Sediment Unit 1 elevation (top) and thickness (bottom). Summary statistics for
both distributions are shown to the right of each plot.

e The semivariogram for Sediment Unit 1 top elevation is not well defined at distances greater than
1,000 m due to sparse data as indicated by few pairs per lag distance. Given the sparse data, the
fitted exponential variogram model has a range of 93 m and sill of 46.5 m” with zero nugget. This
indicates the variance (i.e., sill) is as large as the estimation distance (range), making the elevation
of this unit unpredictable with any reliability.

e The semivariogram for Sediment Unit 1 thickness shows very little difference in spatial continuity
as a function of direction. The omnidirectional empirical semivariogram was fit with an exponential
model with zero nugget, sill of 0.4 m’, and range of 457 m.
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36



400 ' & < Omnidirectional _E
NE-SW :
300 =
@ :
= 3
Q. -
- 200 =
* 3
100 .
0 3 ; g
0 2000 4000
Separation Distance (m)
1.0 ' o < Omnidirectional
NE-SW

Gamma

-0 8 l LA A l L I LI

LA 1 l Ll 1 l LA 1 l L.l 1 l LA 1

0 2000 4000
Separation Distance (m)
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semivariograms for Sediment Unit 1 thicknesses (bottom).

Kriging predictions for the sediment top elevation (Figure 16 left) and high kriging variance
illustrate the effect of low sample density. The relatively short correlation length is represented by
largely discontinuous values of kriging variance. High kriging variance near the RH-LLW Disposal
Facility location results from lack of data in that region. Coupled with relatively high elevation
variance, predicting surface elevation for this unit in the RH-LLW Disposal Facility location is
problematic.
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e The kriging predictions for Sediment Unit 1 thickness (Figure 17 left), along with the corresponding
kriging variance (right), indicate the sediment unit appears to be narrowly confined to a region
running north-to-south through the ATR Complex. This unit is likely to be less than 0.5 m (1.6 ft) in
thickness near the RH-LLW Disposal Facility area. Given the range of 457 m, well spacing
sufficient to define this unit will be similar to that necessary to define the surficial sediment
thickness outside of previously characterized areas.
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Figure 16. Kriging predictions (left) and kriging variance (right) for Sediment Unit 1 top elevation (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y
distances (m) are relative to the figure.
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Figure 17. Kriging predictions (left) and kriging variance (right) for Sediment Unit 1 thickness (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y
distances (m) are relative to the figure.

4.3 Sediment Unit 2

Top elevation and thickness of Sediment Unit 2 were defined through the use of 39 wells with
sufficient depth penetration to encounter this unit. Of these wells, 22 wells contain Sediment Unit 2.
These wells are shown in Figure 18. Wells in which this unit is ambiguous are not shown and were not
used in this analysis.
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Figure 18. Wells used to define Sediment Unit 2.

4.3.1 Geostatistical Evaluation

Histograms for the top elevation and thickness are shown in Figure 19, along with the summary
statistical distributions; semivariograms are shown in Figures 20 and 21; spatially kriged top elevation
and associated kriging variance are given in Figure 22; and the kriged thickness and kriging variance
are shown in Figure 23. The following bullets provide discussion of the figures:

e Top elevation of Sediment Unit 2 approaches a Gaussian shape and not log-normal as indicated by a
Shapiro-Wilks test p-value of 0.93. The mean elevation for this unit is about 1,471 m (4823 ft),
corresponding to an average depth of 29 m (95 ft). Standard deviation in top elevation is 6.4 m
(21 ft) as shown to the right of the plotted histogram.

e  Where found, the thickness of Sediment Unit 2 ranges from about 0.5 to 9.1 m (up to about 30 ft),
with a standard deviation of 2.5 m (about 8.2 ft). As indicated in the cross-sections shown in
Appendix A and in the kriged results below, the thicker sediment occurs to the west and to the north
of the ATR Complex. The thinnest sediment is found east-to-southeast of the ATR Complex.

e In the 18 locations closest to the RH-LLW Disposal Facility site (i.e., USGS-136, USGS-140,
USGS-141, USGS-065, TRA-06, TRA-07, and Borings 7 through 18), this unit was only found in
USGS-136 (1.75 ft) and TRA-07 (10 ft).
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This unit was not located near the RH-LLW Disposal Facility site (thickness = 0.0).

Sediment Unit 2
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Figure 19. Histogram of Sediment Unit 2 elevation (top) and thickness (bottom). Summary statistics for
both distributions are shown to the right of each plot.

e The semivariogram for Sediment Unit 2 top elevation (Figure 20) is reasonably well defined. The
empirical semivariogram was fit with an exponential model, 457-m range, 40-m’ sill, and zero
nugget.

e The semivariogram for Sediment Unit 2 thickness (Figure 21) indicates that the unit has very little
difference in spatial continuity as a function of direction. The omnidirectional empirical
semivariogram was fit with an exponential model with zero nugget, 6.5-m’sill, and 457-m range.
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semivariograms for Sediment Unit 2 top elevation.
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Figure 21. Anisotropic empirical (colored lines and symbols) and modelled (black lines)
semivariograms for Sediment Unit 2 thicknesses.

o Kiriging predictions for Sediment Unit 2 top elevation are shown in Figure 22 (left), along with the
corresponding kriging variance (right). The kriging variances throughout much of the modelled area
result from data spacing with higher values, indicating a lack of data. Where the data are spaced
closer, the variances are quite low, indicating the combined effect of variogram range and data
location. The relatively low elevation variance allows predicting surface elevation for this unit, with
reasonable confidence near the RH-LLW Disposal Facility location.
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e The kriging predictions for Sediment Unit 2 thickness are shown in Figure 23 (left), along with the
corresponding kriging variance (right). This sediment unit appears to extend throughout a region
extending from the north-central area of the ATR Complex well to the south along the western

study area.

o Ifthe RH-LLW Disposal Facility is expanded in the future, well spacing sufficient to define this

unit should be on the order of the 457-m range.
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Figure 22. Kriging predictions (left) and kriging variance (right) for Sediment Unit 2 top elevation (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y

distances (m) are relative to the figure.
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Figure 23. Kriging predictions (left) and kriging variance (right) for Sediment Unit 2 thickness (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y
distances (m) are relative to the figure.

44 Sediment Unit3

Top elevation and thickness of Sediment Unit 3 were defined through the use of 31 wells, providing
positive indication of the unit’s existence in all 31 locations shown in Figure 24.
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Figure 24. Wells used to define Sediment Unit 3.

441 Geostatistical Evaluation

The distribution of elevation and thicknesses derived from these data are shown in Figure 25, along
with the summary statistics. Empirical semivariograms are shown in Figures 26 and 27; spatially kriged
top elevation and associated kriging variances are given in Figure 28, with those for thickness shown in
Figure 29. The following bullets provide discussion of the figures:

e The distribution of Sediment Unit 3 top elevation (Figure 25 top) approaches a Gaussian shape and
is neither significantly skewed or log-normal (Shapiro-Wilks test p-value=0.96). The interbed
thicknesses are similarly distributed (Figure 25 bottom) and also are not log-normal (Shapiro-Wilks
test p-value = 0.94). The mean elevation for this unit is about 1,456 m (4,777 ft) corresponding to
an average depth of 44 m (144 ft). This unit is relatively horizontal, exhibiting little trend in
elevation and having a relatively small 3.3-m standard deviation.

¢ Sediment thickness of Unit 3 ranges from 1.2 to 10.4 m (or up to about 35 ft), with a standard
deviation of 2.3 m (7.6 ft). As indicated in the cross-sections shown in Appendix A and in the
kriged results presented here, the thinnest occurrences of Sediment Unit 3 are found northeast of the
ATR Complex.

e The thickest Sediment Unit 3 region exists roughly through the center of the RH-LLW Disposal
Facility location. In the 18 locations closest to the RH-LLW Disposal Facility site (i.e., USGS-136,
USGS-140, USGS-141, USGS-065, TRA-06, TRA-07, and Borings 7 through 18), the average
thickness is 5.8 m (19.1 ft).
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Figure 25. Histogram of Sediment Unit 3 elevation (top) and thickness (bottom). Summary statistics for
both distributions are shown to the right of each plot.

e The semivariogram for Sediment Unit 3 top elevation (Figure 26) is reasonably well defined,
showing little directional difference. An exponential variogram with a 457-m range, 11.6-m” sill,
and zero nugget was fitted to the omnidirectional empirical semivariogram.

e The semivariogram for Sediment Unit 3 thickness (Figure 27) suggests there is very little difference
in spatial continuity as a function of direction. The omnidirectional empirical semivariogram was fit
with an exponential model with zero nugget, 6.5-m”sill, and 762-m range.
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Figure 26. Anisotropic empirical (colored lines and symbols) and modelled (black lines)

semivariograms for Sediment Unit 3 top elevation.
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Figure 27. Anisotropic empirical (colored lines and symbols) and modelled (black lines)
semivariograms for Sediment Unit 3 thicknesses.

Kriging predictions for the sediment top elevation are shown in Figure 28 (left), along with the
corresponding kriging variance (right). The relatively long correlation length is represented by
largely continuous values of kriging variance. The kriging variance near the RH-LLW Disposal
Facility location is low, indicating sufficient data in that region. Coupled with relatively low
elevation variance, it is likely that this unit will exist throughout the RH-LLW Disposal Facility
location.

The kriging predictions for Sediment Unit 3 thickness are shown in Figure 29 (left), along with the
corresponding kriging variance (right). This sediment unit appears to form a C-shape, running
around the west perimeter of the ATR Complex and RH-LLW Disposal Facility site.
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o Ifthe RH-LLW Disposal Facility is expanded in the future, well spacing sufficient to define the
surficial sediment and Sediment Unit 2 should be sufficient to define this unit as well.
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Figure 28. Kriging predictions (left) and kriging variance (right) for Sediment Unit 3 top elevation (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y
distances (m) are relative to the figure.
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Figure 29. Kriging predictions (left) and kriging variance (right) for Sediment Unit 3 thickness (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y
distances (m) are relative to the figure.

4.5 Sediment Unit4

Top elevation and thickness of Sediment Unit 4 were defined through the use of 23 wells with
sufficient depth penetration to encounter this interbed. These wells are shown in Figure 30. This unit
was located in 14 of these wells.
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Figure 30. Wells used to define Sediment Unit 4.

451 Geostatistical Evaluation

The distribution of elevation and thicknesses derived from these data are shown in Figure 31, along

with the summary statistics. Semivariograms for this unit are shown in Figures 32 and 33. Spatially
kriged top elevation and associated kriging variance are given in Figure 34, and the kriged thickness and
kriging variance are shown in Figure 35. The following bullets provide discussion of the figures:

Unit 4 top elevation distribution exhibits little directional trend, but contains three lower elevation
values south of the ATR Complex. The top elevation is not log-normal (Shapiro-Wilks test
p-value=0.82). The mean elevation for this unit is about 1,450 m (4,757 ft), corresponding to an
average depth of 50 m (164 ft).

As illustrated by the distribution of thickness (Figure 3 1), this unit is one of the more prominent in
the ATR Complex region. The interbed thicknesses are skewed, with several higher than average
values, but also are not log-normal (Shapiro-Wilks test p-value = 0.84). Unit 4 sediment thickness
ranges from 1 to 9.1 m (about 3.3 to 30 ft), with a standard deviation of 2.3 m (7.5 ft) where it is
present, making this unit one of the thickest underlying the ATR Complex region.

As indicated in the cross-sections shown in Appendix A and in the kriged results presented here, the
thinnest occurrences of Sediment Unit 4 run north-to-south along the eastern fence line of the ATR
Complex, with the thicker region existing to the west of the ATR Complex and through the RH-
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LLW Disposal Facility site. In the 18 locations closest to the RH-LLW Disposal Facility site
(i.e., USGS-136, USGS-140, USGS-141, USGS-065, TRA-06, TRA-07, and Borings 7 through 18),
the average thickness is 1 m (3 ft).

Sediment Unit 4

> Data Count: 14
4 Mean: 1449.52
Variance: 28.17
g 3 Maximum: 1454.73
g Median: 1450.99
g - Minimum:  1434.91
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1
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w
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Figure 31. Histogram of Sediment Unit 4 elevation (top) and thickness (bottom). Summary statistics for
both distributions are shown to the right of each plot.

e Semivariograms for Sediment Unit 4 top elevation are shown in Figure 32 with those for the
thickness given in Figure 33. The semivariogram of top elevation is somewhat variable at short lags
because of fewer data pairs used in its definition. The empirical semivariograms for thickness are
well defined and exhibit little directional difference. An exponential variogram with a 488-m range,
37-m’ sill, and zero nugget was fitted to the omnidirectional empirical elevation semivariogram, and
thickness was fit with a Gaussian model with zero nugget, 9.3-m’sill, and 610-m range.
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Figure 33. Anisotropic empirical (colored lines and symbols) and modelled (black lines)
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semivariograms for Sediment Unit 4 thickness.

Kriging predictions for the sediment top elevation are shown in Figure 34 (left) along with the
corresponding kriging variance (right). There is an apparent depression in the top elevation of this
unit southeast of the ATR Complex as indicated by the darker region. However, the remaining

elevation is quite uniform.

The kriging predictions for Sediment Unit 4 thickness are shown in Figure 35 (left), along with the
corresponding kriging variance (right). This sediment unit appears be thinnest in a north-south

trending line running east of the ATR Complex.
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¢ Given this unit’s range (610 m) and relatively small variance in thickness, wells located near the
perimeter of the RH-LLW Disposal Facility location should be sufficient to confirm its existence

throughout the facility.
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Figure 34. Kriging predictions (left) and kriging variance (right) for Sediment Unit 4 top elevation (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y

distances (m) are relative to the figure.
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Figure 35. Kriging predictions (left) and kriging variance (right) for Sediment Unit 4 thickness (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y
distances (m) are relative to the figure.

4.6 Sediment Unit5

Top elevation and thickness of Sediment Unit 5 were defined though the use of 22 wells shown in
Figure 36. It was found in 19 of these wells.
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Figure 36. Wells used to define Sediment Unit 5.

4.6.1 Geostatistical Evaluation

Histograms for the top elevation and thickness are shown in Figure 37, along with the summary
statistical distributions; semivariograms are shown in Figures 38 and 39; spatially kriged top elevation
and associated kriging variance are given in Figure 40; and the kriged thickness and kriging variance
are shown in Figure 41. The following bullets provide discussion of the figures:

e Sedimentary Unit 5 top elevation approaches a uniform distribution, with several wells containing
this unit at an elevation of about 1,440 m (4,724 ft). This unit appears to become shallower east of
the model extent. The top elevation is not log-normal (Shapiro-Wilks test p-value=0.901).

e The interbed thicknesses exhibit a skewed Gaussian shape but are not log-normal (Figure 37). The
average depth of Sediment Unit 5 is about 60 m (200 ft), roughly 10 m lower than Sediment Unit 4
and 16 m deeper than Sediment Unit 3. These three sediment units were likely deposited closely in
time and were determined here to represent different units based on clay/cinder content and material
color, indicating different source materials as indicated by the fence diagrams contained in
Appendix A. They were separated to represent thin interspersed basalt.

e Unit 5 sediment thickness ranges up to 8.5 m (about 28 ft), with standard deviation of 2 m (6.5 ft)
where present, making this unit one of the thickest underlying the study area. As indicated in the
cross-sections shown in Appendix A and in the kriged results that follows, the thinnest occurrences
of Sediment Unit 5 are found north and east of the ATR Complex.
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e In the 18 locations closest to the RH-LLW Disposal Facility site (i.e., USGS-136, USGS-140,
USGS-141, USGS-065, TRA-06, TRA-07, and Borings 7 through 18), the average thickness is
5.5m(17.9 ).

Sediment Unit 5
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Figure 37. Histogram of Sediment Unit 5 elevation (top) and thickness (bottom). Summary statistics for
both distributions are shown to the right of each plot.

¢ Semivariograms for Sediment Unit 5 top elevation are shown in Figure 38. The omnidirectional
semivariogram was fit with an exponential model with a 55.8-m’sill, 914-m range, and zero nugget.
The semivariogram for Sediment Unit 5 thickness is shown in Figure 39. Increased data density at
short lag distances is apparent for thickness versus top elevation. There is very little difference in
thickness spatial continuity as a function of direction. The omnidirectional empirical semivariogram
was fit with an exponential model with 3.7-m nugget, 5.6-m’sill, and 914-m range.

59



120
100

80

60

# of pairs

40

80

60

Gamma

40

20

Figure 38. Anisotropic empirical (colored lines and symbols) and modelled (black lines)

"ll"']"l"l"

&

< Omnidirectional
A NE-SW

NW-SE

lllllllllllllllllllllll

Separation Distance (m)

semivariograms for Sediment Unit 5 top elevation.

60

0 2000 4000
Separation Distance (m)
I ' &—< Omnidirectional |
L A NE-SW -
0 2000 4000



i ) & < Omnidirectional 1
NE-SW ’
100 =
. :
'®© 4
Q.

6 -y
# 50 =
* /L)‘ A ]
oe” X \ﬂ——é\&\ﬂ ]

0 2000 4000

Separation Distance (m)

= ) < Omnidirectional -
b~ NE-SW =
« (& oA I
E -
E -
@ .
O ;
ol . i

0 2000 4000

Separation Distance (m)

Figure 39. Anisotropic empirical (colored lines and symbols) and modelled (black lines)
semivariograms for Sediment Unit 5 thickness.

Kriging predictions for the sediment top elevation are shown in Figure 40 (left), along with the
corresponding kriging variance (right). The variogram was fit with a 6.9-m standard deviation for
elevation and 914-m range.

The kriging predictions for Sediment Unit 5 thickness are shown in Figure 41 (left), along with the
corresponding kriging variance (right). The thickness of this sediment unit appears be relatively
uniform throughout the central study area. However, there is a small trough of thicker sediment
along a northeast to southwest trending line running southeast of the RH-LLW Disposal Facility
area.
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e Additional wells should be spaced at the range distance (about 914 m) for additional
characterization if the RH-LLW Disposal Facility is expanded.
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Figure 40. Kriging predictions (left) and kriging variance (right) for Sediment Unit 5 top elevation (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y
distances (m) are relative to the figure.
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Figure 41. Kriging predictions (left) and kriging variance (right) for Sediment Unit 5 thickness (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y
distances (m) are relative to the figure.

4.7 Sediment Unit 6

Sediment Unit 6 was present in eight of the 18 wells with depth sufficient to penetrate this unit. The
wells deep enough to define the thickness and extent of this unit are shown in Figure 42.
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Figure 42. Wells used to define Sediment Unit 6.

4.7.1 Geostatistical Evaluation

Histograms for the top elevation and thickness are shown in Figure 43, along with the summary
statistical distributions; semivariograms are shown in Figures 44 and 45; spatially kriged top elevation
and associated kriging variance are given in Figure 46; and the kriged thickness and kriging variance
are shown in Figure 47. The following bullets provide discussion of the figures:

o In the eight wells containing this unit, the mean top elevation is 1,427 m (4,682 ft), with a standard
deviation of 2.4 m (7.9 ft). The standard deviation in thickness is lower and equal to 1.4 m
(4.6 ftywhere the unit exists, with a mean thickness of 3 m (9.9 ft).

o The statistical distribution of top elevation is relatively uniform, corresponding to the base of
Sediment Unit 5 in wells TRA-08 and Middle-1823, as shown in the fence diagrams in Appendix A.
This suggests that this unit might merge with Sediment Unit 5 to the south, but the well logs are not
sufficiently detailed to allow distinction from Sediment Unit 5

¢ In the wells containing this unit, the interbed thickness ranges up to 4.6 m (about 15 ft) east of the
ATR Complex.

e In the 18 locations closest to the RH-LLW Disposal Facility site (i.e., USGS-136, USGS-140,
USGS-141, USGS-065, TRA-06, TRA-07, and Borings 7 through 18), the average thickness is
1.3 m (4.4 ft).
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Figure 43. Histogram of Sediment Unit 6 elevation (top) and thickness (bottom). Summary statistics for
both distributions are shown to the right of each plot.

e The semivariograms for Sediment Unit 6 top elevation are shown in Figure 44. The omnidirectional
semivariogram was fit with an exponential model with a 7.4-m” sill, 457-m range, and zero nugget.

e The semivariogram for Sediment Unit 6 thickness is shown in Figure 45. The exponential model sill
for thickness was estimated to be 3.3 m’, the range is on the order of 869 m, and a zero nugget was
used.
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Figure 45. Anisotropic empirical (colored lines and symbols) and modelled (black lines)
semivariograms for Sediment Unit 6 thickness.

e Kriging predictions on a 20 x 30 grid for the sediment top elevation are shown in Figure 46 (left),
along with the corresponding kriging variance (right).

e The kriging predictions for Sediment Unit 6 thickness are shown in Figure 47 (left), along with the
corresponding kriging variance (right). This sediment unit appears be localized to a region south to
southeast of the RH-LLW Disposal Facility.
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Figure 46. Kriging predictions (left) and kriging variance (right) for Sediment Unit 6 top elevation (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y
distances (m) are relative to the figure.
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Figure 47. Kriging predictions (left) and kriging variance (right) for Sediment Unit 6 thickness (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y
distances (m) are relative to the figure.

4.8 Sediment Unit7

The 21 wells used in analysis of Sediment Unit 7 are shown in Figure 48. Sediment Unit 7 was
found in 17 of the 21 wells.
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Figure 48. Wells used to define Sediment Unit 7.

4.8.1 Geostatistical Evaluation

Histograms for the top elevation and thickness are shown in Figure 49, along with the summary
statistical distributions; semivariograms are shown in Figures 50 and 51; spatially kriged top elevation
and associated kriging variance are given in Figure 52; and the kriged thickness and kriging variance

are shown in Figure 53. The following bullets provide discussion of the figures:

e In the 18 locations closest to the RH-LLW Disposal Facility site (i.e., USGS-136, USGS-140,
USGS-141, USGS-065, TRA-06, TRA-07, and Borings 7 through 18), the average thickness is

27mO ft).

o The statistical distribution of top elevation approaches a gaussian distribution, with two outlying
lower elevations northeast of the ATR Complex. The average top elevation is 1,417 m (4,649 ft),

corresponding to a depth of 83 m (270 ft) with a standard deviation of 6.1 m.

The overall mean interbed thickness is 3.1 m (10 ft), with a standard deviation of 2.6 m (8.5 ft).
Unit 7 sediment thickness ranges up to 9.1 m (about 30 ft), with thickest sediment due south of the
ATR Complex. The unit is thinner to the west and south of the ATR Complex, making this unit one

of the thinner connected units underlying the study area.
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Figure 49. Histogram of Sediment Unit 7 elevation (top) and thickness (bottom). Summary statistics for
both distributions are shown to the right of each plot.

e The semivariogram for Sediment Unit 7 top elevation is shown in Figure 50. The omnidirectional
semivariogram was fit with an exponential model with a 27.9-m’sill, 457-m range, and zero nugget.

e The semivariogram for Sediment Unit 7 thickness is shown in Figure 51. The apparent range is
longer for thickness (610 m) and was fit with an exponential model with 7.4-m sill and zero nugget.
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Figure 50. Anisotropic empirical (colored lines and symbols) and modelled (black lines)
semivariograms for Sediment Unit 7 top elevation.
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Figure 51. Anisotropic empirical (colored lines and symbols) and modelled (black lines)
semivariograms for Sediment Unit 7 thickness.

Kriging predictions for the sediment top elevation are shown in Figure 52 (left), along with the
corresponding kriging variance (right). Sample density throughout the study area is fairly uniform.
The relatively long top elevation correlation length is represented by largely connected
intermediate-to-low relative values of kriging variance. The high standard deviation in elevation is
likely biased high by wells TRA-01 and USGS-058, located northeast of the ATR Complex.

The kriging predictions for Sediment Unit 7 thickness are shown in Figure 53 (left), with the
corresponding kriging variance (right). This sediment unit is relatively uniform in thickness, with
the exception of well MTR-Test where the thickness is 17 ft. It is likely that this unit extends further
north, intersecting well USGS-079.
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Figure 52. Kriging predictions (left) and kriging variance (right) for Sediment Unit 7 top elevation (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y
distances (m) are relative to the figure.
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Figure 53. Kriging predictions (left) and kriging variance (right) for Sediment Unit 7 thickness (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y
distances (m) are relative to the figure.

49 Sediment Unit 8

The 19 wells used in analysis of Sediment Unit 8 are shown in Figure 54. Sediment Unit 8 was
found in 15 of these wells.
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Figure 54. Wells used to define Sediment Unit 8.

4.9.1 Geostatistical Evaluation

Histograms for the top elevation and thickness are shown in Figure 55, along with the summary
statistical distributions; semivariograms are shown in Figures 56 and 57; spatially kriged top elevation
and associated kriging variance are given in Figure 58; and the kriged thickness and kriging variance
are shown in Figure 59. The following bullets provide discussion of the figures:

e In the 18 locations closest to the RH-LLW Disposal Facility site (i.e., USGS-136, USGS-140,
USGS-141, USGS-065, TRA-06, TRA-07, and Borings 7 through 18), the average thickness is
2.1 m (7.1 ft).

o The statistical distribution of top elevation approaches a uniform distribution with three outlying
higher elevations northeast of the ATR Complex. The average top elevation is 1,403 m (4,603 ft),
corresponding to a depth of 97 m (296 ft), with a standard deviation of 7.3 m (24 ft).

e The mean interbed thickness is 3 m (9.8 ft), with a standard deviation of 1.3 m (0.4 ft). Unit 8
sediment thickness ranges up to 6.1 m (about 20 ft) with thickest sediment due south of the ATR
Complex. The unit is thickest east and south of the ATR Complex.
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Figure 55. Histogram of Sediment Unit 8 elevation (top) and thickness (bottom). Summary statistics for
both distributions are shown to the right of each plot.

e The omnidirectional semivariogram for the top elevation of Sediment Unit 8 was fit with an
exponential model, with 46.5-m’ sill, 457-m range, and zero nugget.

¢ The semivariogram model for Sediment Unit 8 thickness has a longer range (1,097 m) and is fit
with an exponential model with 3.3-m sill and zero nugget.

77



>— Omni'directional
A NE-SW

60
NW-SE

40

# of pairs

0 500 1000 1500 2000 2500
Separation Distance (m)

) ) ) & © Omni'directional
A NE-SW
. N‘..'." “E
200 -
«
£
£ R 4
[
Q)
0 .‘7 ’ A 1 A A 1 A A 1 A A
0 500 1000 1500 2000 2500

Separation Distance (m)

Figure 56. Anisotropic empirical (colored lines and symbols) and modelled (black lines)
semivariograms for Sediment Unit 8§ top elevation.
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Figure 57. Anisotropic empirical (colored lines and symbols) and modelled (black lines)
semivariograms for Sediment Unit 8 thickness.

Kriging predictions for the sediment top elevation are shown in Figure 58 (left), along with the
corresponding kriging variance (right). Sample density throughout the study area is fairly uniform.
The relatively long top elevation correlation length is represented by largely connected
intermediate-to-low relative values of kriging variance. This unit could actually consist of two
different units with wells belonging to the topographic high west of the ATR Complex occurring at
shallower depths and wells within the east topographic low occurring in a deeper sediment unit.
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e The kriging predictions for Sediment Unit 8 thickness are shown in Figure 59 (left), with the
corresponding kriging variance (right). This sediment unit is relatively uniform in thickness along
the western edge of the ATR Complex and also east of the ATR Complex, also suggesting the
existence of two separate units. This discontinuity does not run through the RH-LLW Disposal
Facility location.
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Figure 58. Kriging predictions (left) and kriging variance (right) for Sediment Unit 8 top elevation (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y
distances (m) are relative to the figure.
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Figure 59. Kriging predictions (left) and kriging variance (right) for Sediment Unit 8 thickness (m).
Points represent sample locations. The gridded area is represented by the box in Figure 1 and the x-y
distances (m) are relative to the figure.

5. DISCUSSION

In the vicinity of the RH-LLW Disposal Facility site, the sedimentary structure has been defined
primarily based on the work compiled by Helm-Clark (2005) and augmented by new data collected in
well USGS-136, USGS-140, and USGS-141 (Appendix A) and corehole data collected during the
summer of 2010 (American Geotechnics 2011). The analysis contained in the Helm-Clark (2005)
document focused on identifying continuous basalt flow units in an attempt to locate their origin.
However, in doing so, it also provided a basis for delineating sedimentary units important to
contaminant transport through the vadose zone south of the ATR Complex. Eight correlatable units
have been defined in addition to the surficial alluvium.

Alluvial thickness in the region of the RH-LLW Disposal Facility is in the order of 12.9 m. The
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average thickness for Units 2 through 8, based on the closest 18 wells, including those with zero
thickness, are 0.6, 5.8, 1.0, 5.5, 1.3, 2.8, and 2.2 m, respectively (values shown in Table 6 include only
non-zero thickness locations). It is unlikely that Unit 1 will be found within the RH-LLW Disposal
Facility. Considering only non-zero thickness locations, the sum of the average thicknesses for
Sediment Units 2 through 8 is 24.6 m (80.8 ft).

Table 6. Sedimentary materials near the RH-LLW Disposal Facility.

Well/Boring Location Alluvium Unit1 Unit2 Unit3 Unit4 Unit5 Unit6 Unit7 Unit 8§
USGS-136 14.8 0.0 0.5 6.6 1.0 3.0 0.2 0.0 2.7
USGS-140 10.4 0.0 0.0 6.5 0.0 7.5 3.0 0.6 0.0
USGS-141 11.9 0.0 0.0 8.2 0.0 6.4 1.8 0.0 1.8
Boring-7 9.0
Boring-8 7.9
Boring-9 10.7
Boring-10 12.0
Boring-11 15.2
Boring-12 17.5
Boring-13 12.3
Boring-14 13.3
Boring-15 13.6
Boring-16 10.8
Boring-17 14.6
Boring-18 14.0
TRA-07 12.8 0.0 3.0 4.6 4.6 3.7 3.0 3.7 24
TRA-06 13.7 0.0 0.0 4.6 0.0 4.9 0.0 9.1 3.0
USGS-065 18.3 0.0 0.0 4.6 0.0 7.3 0.0 3.0 3.0
# of non-zero thickness wells 18 0 2 6 2 6 4 4 5
Average thickness (m) 12.9 1.8 5.8 2.8 5.5 2.0 4.1 2.6
Average thickness (ft) 42.4 5.9 19.1 9.1 17.9 6.6 13.5 8.6

Taken from the descriptions shown in the stratigraphic columns in Appendices A and B, the
sedimentary materials near the RH-LLW Disposal Facility location are shown in Table 6. These wells
are shown in cross-section in Figure 60. As shown in the table and fence diagram of wells near the
facility location, surficial sediment should be primarily courser sands and gravels. Sediment Unit 2 is a
mix of sand, silt, clay, and cinders. Sediment Units 3, 4, and 5 are primarily fine sands and mostly clays.
Sediment Units 6 through 8 appear to be silty clays to silty sands.

As is apparent in the fence diagram shown in Figure 60 and those shown in Appendix A, there are
many discontinuous occurrences of clays and sands that were not analyzed in this assessment. These
less continuous units are likely to exist near the RH-LLW Disposal Facility location at similar depths in
which they occur in wells Middle-1823, TRA-07, and TRA-08.

The variograms and kriged results provide an indication of well spacing necessary to capture these
larger, more continuous units. In general, this distance should reflect correlation lengths shown in
Tables 7 and 8. Based on the lateral continuity of sediment Units 2 through 8 and the relatively small
variance in the region of the RH-LLW Disposal Facility location, a one-dimensional transport model
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should be sufficient to adequately describe vadose zone transport in this region.

Table 7. Summary sediment characteristics for wells shown in Figure 60.

Sediment
Surficial
Well Sediment Unit 1 Unit 2 Unit 3 Unit 4
Site-19 silt and gravel cinders and clay  clay and cinders red sand and gravel
USGS-79 gravel cinders and basalt sand and clay sand and clay
TRA-5 gravel, sand, unknown sand and cinders cinders
(TRA-Disposal) and silt
USGS-63 gravel and silt cinders
TRA-5A/PZ1 alluvium not found interbed interbed
TRA-7 gravel and silt red silty clay to clayred silty clay to clay brown silty sand
USGS-136 gravel, sand, sand and silt brown/orange silty silty clay with sand  brown silty sand
silt, and clay clay with sand
TRA-8 gravel and silt brown orange sand brown/orange clayey brown orange clay to

and silt silt silty clay

Middle-1823 sands and dark brown unknown silty clayey sand light brown clay
gravels silt, sand,
and gravel
ICPP-SCI-V-213 gravel interbed silty sand thinly bedded clays
and sands

ICPP-SCI-V-214 gravel clayey silt and silt high natural gamma

sand ray (NGR) silty sand

Sediment
Well Unit 5 Unit 6 Unit 7 Unit 8

Site-19 red sand and gravel
USGS-79 sand and clay clay and basalt NGR peak NGR peak
TRA-5 sand/clay sand sand and clay?
USGS-163
TRA-5A/PZ1 interbed interbed
TRA-7 brown silty sand NGR peak silty clay NGR peak
USGS-136 brown silty sand fine sand red sand
TRA-8 NR gravel and sand orange brown clayey

Middle-1823 sandy silty clay underlain by

clay and sand
ICPP-SCI-V-213 sand-rubble-clay

ICPP-SCI-V-214

light brown silty light brown silty

clay

silty sand

clay

brown clayey silty
sand

sand

silty
buff clay w/ oxidized
basalt
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Figure 60. Fence diagram for wells appearing in Table 6. This fence diagram is also reproduced in

Appendix A in larger format.
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Appendix A
Lithology Log for Well USGS-136 and Fence Diagrams
Near the ATR Complex

The fence diagrams in this appendix were reproduced from Borehole and Well Middle-1823 and Its
Relationship to the Stratigraphy of the South-Central Idaho National Laboratory (Helm-Clark et al.
2005), USGS Scientific Investigations Report 2012-5230, and USGS Scientific Investigations Report
2014-5098. Cross sections from Helm-Clark et al. (2005) were modified to eliminate depths below 550 ft

to allow reproduction in this format. One additional figure has been added to illustrate the sediment units
identified in the main report.
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Figure A-1. Fence diagram of wells near the proposed RH-LLW site showing identified sedimentary

structures.
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Figure A-2. Lithology in Well USGS-136 down to a 500-ft depth from USGS Scientific Investigations
Report 2012-5230.
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Figure A-3. Lithology in Well USGS-140 down to a 550-ft depth from USGS Scientific Investigations
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Figure A-4. Lithology in Well USGS-141 down to a 550-ft depth from USGS Scientific Investigations
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Figure A-9. Fence Diagram E-E’: TRA-6A to USGS-80 via TRA-5 (Disposal Well).



F F
— 4950 TRA-7 TRA-5A/
- 32 -
i S e uses-58 USGS-70 USGS-80
L ~4918 ~4917 ~4917
= & Sand Ea
4900 i ol ca Y o
I Bz 22 _— T
b= ) Basall Brokan Vesicuiar
| Grey . Basal =
L TR Basalt ‘Broken Basat e
L4850 Bk Bt =
B.0"+ 29" Sasalt Cincturs & Basalt Basan
= = — = -  Basalt
I b Cinders m B R
| | Black Cinders Cmm = = 745E
| asal i oo, 461124 ka
L e Bk 768412 | S
113 2 8h) Gray — = = 7] evokenveaeu
Sadrsy | —— L -="
— 4800 e Loy - -
i Black Basalt
L b et
r Brown Sitty : '
Sand
—4750 = ioond e~ Ay ot o
I B — Bmkt:‘:;:iculnr
oo Broken Basah et
[ = - &S ol
E
L e 15 =
-
b= - =
— 4700 - ot
L Unknawn
NGR Pesk Basalt Basalt & Cinders.
. 56.7°20.9°
| _ _ [637 2 35 ka]
L i Sitt & Cinders
B Silty Clay foeat
—4650
r ko NGR Peak
L _{hﬂuraiml_
f= Basalt
r 'u&ﬁﬁh;
— 4600 -=
r I oo |
L Elavated K
Broken Basalt
_ — et
—4550 - -~ Basalt & Cinders
Collpse 7
B -~
L T TRA
Eroken Basalt
= Basalt B Cloders
L () — UsGs-58 USGS-T0
l— 4500 F
eeem Grary Basalt
| T | & Caders TRA-5A USGS-63 USGS-80
i TRA-7
Basal F
L Grey Basall
B = T ¥ T
12)
— 4450

Figure A-10. Fence Diagram F-F’: TRA-7 to USGS-80.

97

105040704

4950

4900

4850

4800

4750

4700

4650

4600

4550

4500

4450



4950

4900

4850

4800

4750

4700

4650

4600

4550

4500

4450

G
TRA-8 TRA-7 TRA-5A/
PZ1
~493% ~4932 ~4927
Sl ]
Allvnim
Black Basall
B";‘l:}mld Black Basan o

(Ml R
Red Sy City
o Clay
sh | Erown shy
Capey - =
| Bowntienge | /.
Clay o Sy Clay
Bpsatt
Gl Uriknown Paak
& Sand _
Basat
ol Basait
Erown ol Basat
+ gtz ich sand /] smyomy
/
Black vesicular
Easalt / /
Bm/Bik Basalt I Urniknown Peak
= = /s {frachure zons)
Eoslarng /
Orangs Brawn
ey S Basalt
e Batat # | Unkown Peak
-
/
[T
FeOn Stainad L o e
Black Basalt Elgvated K
/ /| Bken Basal
’y
s
7/
Black Bazal Y Basat
Heggg Faly
Unkaown NGR |/
Peak
[Collames Tposeae |
NR suspect B+C -
-
Gray Ash
Basalt
presE Baat
Olvine Basst
[Redt Brown Basan
[Comatan T |
BrownBlackiRed ;
T Esion cingiers
Red Black Basalt
wFe altarabon
= —
v
R
————
Interbed

LS
E37235ka)

Gl

Figure A-11. Fence Diagram G-G’: TRA-7 to USGS-66.

98

USGS-63 USGS-69  USGS-71 USGS-66
~4924 -4924 -4925 ~4922
vk S+ Grvel Sand Genend + Sand + Gravol

Sat Clny
st
Cingary
LS
3 Beoken Basal
— |
Ty Gray Bl
Basalt Birchen Baat
Basan Clay* e/
Cinders
Ty - Cepenl + Cioy
Cindacs
Gravel + Sand
Clay + Cinders
__-_____--""___ Gray Basal
Mo Cultings
Hard Rod Basall
Red Gray Basalt
______ Broken Basalt
1o NGR Pek
TRA
USGS-63 / .§a*?_::*"
Sand
TRAT "] oo
Crers
USGS-GS Gray Basalt
G
TRA-8
G

4950

4900

4850

4800

4750

4700

4650

4600

4550

4500

4450



00%F+

oSt

005+

055+

009¥

059+

004¥

05.¥

0ost

0581

006+

0s6v

L R V! I I N A /A 1

O L L O OO . N B/ (B N o i B, ' ey [N Ot i B B (R N (R B T

ZU-L0POS UL

S - A8

T =

]

¢ ss0pucs ¥ wraee

11l

S g pueg

i

TTT
(|
11
Ly

W ¥ g s

sy umg

sy Aarg

g Aasgy

ey uorwasg s
)
azny

even feg
P Py T
o
weeg ke
g
ey
e ek
i
1R + Dl W e
— 8LEY~
90 sO8N 85-S985nN

H

£Z6Y~
S-vyL

P janeis) o ey
126~ LZ6P~
89-898n ZL-898nN

BL6P~
20 - VYL

|

S Y S [ N N [ S [ N s [ Y N N S N [ S [ —

1

1

| S S Y N N (Y S S I I S |

(o10) 44

oSty

005

0ss¥

009

0sor

0oLy

0S¥

008¥

0S8y

006+

056t

TRA-7 to USGS-80.

H’:

12. Fence Diagram H

Figure A-

99



oty

oSty

00S¥

0SSt

009

059

004y

[ol=FA 4

008y

058%

006¥

0§61

B0-LOVOS-OL

08-s9sn

LL6P~
08-s98n

i

LLEP~
0£-598n

L1BY~
ISl HIW

EL6P~
PO - VAL 667~

s

9Z6v~
6L 21s

aovw

0ost

0ss¥

oost

059

00sv

oSy

oosy

0S8%

006

0S6%

Figure A-13. Fence Diagram I-I: TRA-7 to USGS-80.

100



sty

00S%

0SS

0osy

059

00L%

0S.¥

008y

058y

006%

0561

O1-L0v05-01

A~

B
LIl

i

=1 ren |

i

ot

N
e aimer
4045 1029 pon

weseg dais
Y

w

uogesae a3
g e Py

qeseg
punpaE

e g ot

yeseg oug
PoUEIS 1034

vseg ey

~ hi s

—t e

weseg

weseg

]
3 poreasy

—ere

wesng

Tl |
o g s

s

e ssn o

eser

s
s wworm

fea
e s oy

-
Fz-dda

G778

Ehddol

ZR19PPIN

615980

& s
r

wwod wonsours | N

oo T

e

eod HON B

oo N o

opan

weseg

o woN 10U

ey

wesvg p ey

N poioma

s owis.

g o

iy

7= g akerg K
[ e [ s |
el ien —
i
T — = — T
i A e
== rseE woeE
i
e
= =4 ok ey
— = ]
—
iy — —
° weseg Aain.
wses e e I\
s
=
—
wes -
Ul 29X JO 3 SOEL
aul| 2a8s-x Jo 3 SE6Y~
BV~ S~ IS bl
PLZ-A10S-ddO! E42-A10S-dd!

-\l

£z8L - 31aain

8U)| 385X JO 3 £0G1
£6b~
Lvdl

au 288X J0 3 ,1Z
1EBY~
6/ S9SN

TSR i

e N souRE
[re

T

N P
Agaresspopy o
oy P

s ko

woping 3
s v

s fai)

ey
s Py

ey gy

mseq (a1

st o
g

oeies 3 S

8UYI 985-X JO M BEL
926~
6) als

r

0S¥

00s¥

055y

009t

059

00L¥

0S.¥

[olel:1

0S8t

006v

0s6y

Figure A-14. Fence Diagram J-J’: SITE-19 to ICCP-SCI-V-214.

101



K

Kl
MIDDLE - 1823

-5A/ - TRA-8
MIRTest ~ USGS-s6  TRA-5  USGS-63 o= Moo s o
4950 = ~4917 ~4922 ~4923 : 25 Wol x-secline  60°E of x-sec line
15' E of x-sec line A Eat e e 55 Eolxsecline 4t
o 3 15 E of x-soc line
L ‘Sands & Gervsls
Gravl
L & Sans
Geavol: ﬂ""am &5
== Gl &
4900 | .. o B
Sand Gravel I
I Bk E 2= 3 oy Basan
i E—— Basall & Cinders = == = e
% i === _
4850  — s =79
Basalt ? B9l 25 ke ach Gy E—
B “Broken Baash : = s G Basal
Gy Bt o Sy, [~ | | R s
L . :
e —_——— . Sund and S .
i o o = S R
[ Giay Bt ym&:ﬁl Mk Biack Basal
s —ElE Towl ———————— I S
4800 ' . = e a—
- 5 Black Basall
[ e
B s:.‘ munun"‘: ke - Red Sity Clay m
| it i tincar N~ -y !% i 9 Sity Clayay Sand
S TR Rt Eomsy | Cinyoy 5
4750 — Em}.,w. S~ intarood - \ Light Braam
ool = Cindats ) e
L Clay 1o SAty Clay.
- Sasait ——
o SsndClay T
o N —
Bt i
- o e —— = - Sy Swn
Basan Mince Groved
4700 [— [ e
- e o e =~ i
Basan Basal Nom peax | e S e
- BETL00° . ~
" 8371 35 kaf Lo -— ]
o T Qg Basat EETRTE
L Gy Bk Gy Basa
Basan I smoey [N o
4650 e e e e s \ Quartz Rkh San
Sit+ Sand Sandt e N DR et
- _—— = - =
Brvtk Hasal
fimcture 2000 AN Ry
L e - = % B
o0se —— 5
L Basat Clapay S
r Unipown NGR |~ Black Basa S Mewear
600 — - i =
Rubtla —— T T T~ Massive
- e g J— ~ -
Gray Basst Elavaod K Hazall .
L Sand & Ciay Brokmn Basst | N N R-ﬁ?;niﬂ
B Unknam Pk LAY
| R Ll S Red-Geiry Sighth]
- — B Y PuckBmt Wieomerad
4550 | ke D K - == N Unhngmn NGR Vot Bt
NTR Test
| o R
Baast g " TRA USGS-56 R ) [Fetromriny
- TRAS Lo
i Basalt A b
I o g e
L USGS-63 AT R
4500 = TRASA ] T Brown R o]
TRA-T N
- - — Bassn
| - | _ _ i Massooe Basa
Lo Find Black Basalt i
- ‘wiFe alleration
- - — Gruy to Red Browr]
- 4 TRAS T racws — v ooyt
Basat & Cinders 7 NR ; v
4450 ~ I Fractions =
Widdie-1523 ! - - - i
L ' e ] b8
| | oaoen s
W
i saled Tan Clay?
Fraciured Basait
- Grey
4400 L Basaltwi Ton €
108040718

Figure A-15. Fence Diagram K-K’: MTR-Test to Middle-1823.

102

4950

4900

4850

4800

4750

4700

4650

4600

4550

4500

4450

4400



L L*
USGS-64  USGS-58 USGS-69 USGS-76 e USGS 84
4950 — 4916 ~4918 ~4924 ~4930 ~4941
PO 40 W of xsec line
= Sand + Gravel
I Graval &
Sani Sol -- .
4900 — o = Silt 4 Gravel et BRE I
L Sand Cay
[ Groy Basall
L Clay + Gravel Brown Ciay &
Cinders
- ) Broken Basall 'ml.uGR Peak
4850 | — Basil s _ copsmagae] T z==o4— 1 . | MIERME
e - Gk Basalt Basall 3l i s
r - - == - —
Brown Basal = ez -
o e Gy 5 ) e possmren
i Basall + Cindors, Biack Cinders /L—P"’\ g T T~ Thin NGR Peak ; |
& u i | Basalt =R 1
I Basalt + St Gray Basall T s Basst
Grey Basalt
- Gray Basalt Basall ~amam N s == = ]
4800 g— . .. . —— 1< Cay 9 Grey Basall
4750 — Sand Gravel $it
[ Black Cindors o
£ Cinders erien B ~ 2 : - . . S= 2
i Brokan Basal =yl g <« Groy_
F Basai
Sit Graved Clay |_—>
4700 — Basall
r Basalt
L Basall & Cinders
I lear ]
- Basalt RN
4650 | Winor NGR Peak aroen iy
Basal
r Wi NGR Paak
Grey Basalt
r Basall
Urinown NGR Peak | -
r Basal
Rubbla
4600 — B R s Eomo |
L :4
Basall
L Basalt Basalt
4550 |—
L BiCnes| _ _ _ T T T T - - -
r = e o Brown Basal
r fesal Grey Basalt
4500 Gides ¢ Bioken _______..—-""—-_‘
r Brown Basalt
Denser Basalt
[ Grey Basalt - - ——-dy
B Basall
Y Y
4450 — IzI | ] R
10-50407-12

Figure A-16. Fence Diagram L-L’: USGS-64 to USGS-84.
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